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$b_{g},$ $c_{1},$ $\ldots,c_{m}:($ $a_{j}b_{j}a_{j}^{-1}b_{j}^{-1})c_{1}\cdots c_{m}=1\rangle$
$j=1$
$\Gamma$ $SL(2, \mathbb{R})$ $\rho$. $G=\rho(\Gamma)$ purely hyperbolic Fuchs. $|\acute{r}]$ $f$ ; $Sarrow \mathbb{H}/G$ lift $f;\tilde{S}arrow \mathbb{H}$
$f\circ\gamma=\tilde{\rho}(\gamma)\circ f$ $(\gamma\in G)$ . ( $\mathbb{H}$ )
$\pi$ : $SL(2, \mathbb{R})arrow PSL(2,\mathbb{R})$ $\rho$ $\tilde{\rho}=\pi 0\rho$ 2
$\rho_{1}$ $\rho_{2}$
$\tilde{\rho}_{1}$ $G$ $PSL(2,\mathbb{R})$ ( )
$\mathcal{T}(g, m)$ $(g, m)$
$\mathcal{T}(g,m)$ ( Fenchel-Nielsen ) $\mathbb{R}^{6g-6+3m}$
1.2. $7\in\Gamma-\{1\}$ trace function $\tau_{\gamma}([\rho])=|tr\rho(\gamma)|$ $\mathcal{T}(g, m)$
( 2 )
Theorem 1.1 $\gamma_{1},\ldots,$ $\gamma_{N}\in\Gamma$ embedding ( $\mathcal{T}(g,m)$
)
$(\tau_{\gamma_{1}}, \ldots,\tau_{\gamma_{N}}):\mathcal{T}(g, m)arrow \mathbb{R}^{N}$ .
$g+m$ Fricke–Klein
L. Keen $\gamma_{1},\ldots,$ $\gamma_{N}$ $N$ $N(g, m)$
$m=0$, Wolpert $N(g,0)>6g-6=\dim \mathcal{T}(g,0)$
Seppal\"a Sorvali 1980 $6g-4$ trace functions
$N(g, 0)$ $6g-5$ $6g-4$
SeppJ\"a-Sorvali Schmutz 1993
Okumura, Feng Luo, Hamenstadt ( )
Theorem 1.2
$N(g, m)=\{\begin{array}{ll}6g-6+3m=\dim \mathcal{T}(g,m) (m\geq 1)6g-5=\dim \mathcal{T}(g,0)+1 (m=0)\end{array}$
SeppliSorvali $SL(2, \mathbb{R})$
(2.4.2 (2.7)) $N(g,0)=\dim \mathcal{T}(g,0)+1$
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22.1





$tr[A, B]=$ $tr$$ABA^{-1}B^{-1}=(trA)^{2}+(trB)^{2}+(trAB)^{2}-trA$ $tr$$BtrAB-2$ ,
$trABCB=trABtrBC+$ $tr$$AC-trAtrC$, (2.1)
$trABCB^{-1}=trAtrC-trAC-trABtrBC+trBtrABC$ .
$G$ $A_{1},\ldots,$ $A_{n}\in SL(2, \mathbb{R})$
$S=\{tr(A_{i_{1}}A_{i_{2}}\cdots A_{i_{f}});1\leq i_{1}<i_{2}<\cdots<i_{r}\leq n, 1\leq r\leq n\}$ . (2.2)
([6, \S 35]).




tr$(A_{1}, \ldots,A_{n})=(trA_{1}, \ldots, trA_{n})$ , sgn $(A_{1}, \ldots, A_{n})=(sgn$ tr$A_{1},$ $\ldots$ , sgn $trA_{n})$
22 $g+m\leq 4$ $(g, m)$
$\mathcal{T}(g, m)$ $[\rho]$
$(A_{1}, B_{1}, \ldots, A_{g},B_{g}, C_{1}, \ldots,C_{m})=(\rho(a_{1}),\rho(b_{1}), \ldots, \rho(a_{9}),\rho(b_{g}),\rho(c_{1}), \ldots,\rho(c_{m}))$
( ) normalization
$M\ddot{o}$bius $A\in SL(2, \mathbb{R})$ $PA,$ $q_{A}$ $A$ (
)
2.3 Type (0,3)
type$(0,3)$ pair of pants $T(O, 3)$ $(A, B, C)$ (ABC $=$ I( ))
sgn $(A, B)=(-, -)$ $trAB=$ tr$C<0$
$(a, b, z)=(-trA, -trB, -trAB)$ : $\mathcal{T}(0,3)arrow \mathbb{R}_{>2}^{3}$
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(surjective)embedding $q_{A}<pc=-1<qc=1<p_{B}<q_{B}<p_{A}=-q_{A}$
normalization condition $(a,b, z)$ $(A,B,C)$ 1 :
$A=$ $( \frac{2b+az-2\sqrt{K^{2}-4}}{2\sqrt{z^{2}-4}}-\frac{a}{2}$ $\frac{2b+az+2\sqrt{K^{2}-4}}{2\sqrt{z^{2}-4}}-\frac{a}{2})$ ,
$B=(\begin{array}{ll}\frac{-b-\sqrt{K^{2}-4}}{2} \frac{2a+bz+z\sqrt{K^{2}-4}}{2\sqrt{z^{2}-4}}\frac{2a+bz-z\sqrt{K^{2}-4}}{2\sqrt{z^{2}-4}} \frac{-b+\sqrt{K^{2}-4}}{2}\end{array})$ , (2.3)
$C=$ $(- \frac{\sqrt{z^{2}-4}}{2}-\frac{z}{2}$ $- \frac{\sqrt{z^{2}-4}}{2}-\frac{z}{2})$ .
$K=\sqrt{obz+a^{2}+b^{2}+z^{2}}=\sqrt{trABA^{-1}B^{-1}+2}$. (2.4)
2.4 Type (1,1)
One-holed torus $\mathcal{T}(1,1)$ $(A,B,C)(ABA^{-1}B^{-1}C=I)$
tr$A>$ O, tr$B>0$ $trAB>0$
$(x, y, z)=(trA,$ $trB$ , trAB$)$ : $\mathcal{T}(1,1)arrow \mathbb{R}_{>2}^{3}$
embedding surjective o $-trC=-trABA^{-1}B^{-1}=xyz-x^{2}-y^{2}-z^{2}+2>2$
$(x, y, z)$ $\{(x, y, z):xyz>x^{2}+y^{2}+z^{2}\}$ (
)
2.5 Type (0,4)
$\mathcal{T}(0,4)$ $(A, B, C, D)$ (ABCD $=I$) sgn $(A, B, C)=(-, -, -)$
$(a,b,c,d, x, y, z)=(-trA, - trB, - trC, -trD, -trBC, - trCA, -trAB)$ : $\mathcal{T}(0,4)arrow \mathbb{R}_{>2}^{7}$
embedding $F_{04}(a, b, c, d, x, y, z)=0$ $F_{04}(a, b, c, d, x, y, z)$
$x^{2}+y^{2}+z^{2}-xyz+(ad+bc)x+(bd+ca)y+(cd+ab)z+a^{2}+b^{2}+c^{2}+d^{2}+abcd-4$. (2.5)
$d^{2}-2=trD^{2}=$ tr$(AB)(CA)(BC)$ (3)
$F_{04}$ $d$ 2 $d$ $ax+by+cz+abc>0$
1 2.4-2.6 trace functions





$(-P+\sqrt{P^{2}-Q}>2$ $(a, b, c,d,x, y, z)$
), $d$ $(a,b,c,x,y,z)$ $\mathcal{T}(0,4)$ $\mathbb{R}_{>2}^{6}$ $(6=\dim \mathcal{T}(0,4)$ $)$
2.6 Type (1,2)
$\mathcal{T}(1,2)$ $(A, B,C,D)(ABA^{-1}B^{-1}CD=I)$ sgn $(A, B,C,D)=(+, +, -, -)$
26.1 I.
$(a,b,c,d,x,y,z)=(trA, trB, -trC, -trD,trAD, trAC, trAB)$ : $\mathcal{T}(1,2)arrow \mathbb{R}_{>2}^{7}$
embedding $(A, BA^{-1}B^{-1}, C, D)$ type$(0,4)$ tr$BA^{-1}B^{-1}=a$ , tr$BA^{-1}B^{-1}C=$
$trAD=x$ $z_{1}=-trA(B^{-1}A^{-1}B^{-1})$ $F_{04}(a,a, c,d,x,y, z_{1})=0$ 2
$z_{1}=abz-a^{2}-b^{2}-z^{2}+2$ $F_{12}(a, b, c,d, x,y,z)$ $(a,b,c,d, x,y, z)$




$c,$ $d$ 2 $c$ $d$ $d$ (
c) $(a, b, c, x, y, z)$ $\mathcal{T}(0,4)$ $\mathbb{R}^{6}$ $(6=\dim \mathcal{T}(1,2)$ $)$
262 II.
$u=$ tr$CABA^{-1},$ $v=trCAB^{2},$ $w=$ trCAB, $k=-trCD$
$c,$ $d,$ $z$ I $(u, v, z,w,c,d, k)$ : $\mathcal{T}(1,2)arrow \mathbb{R}_{>2}^{7}$ embedding
$(u,v, z,w,c,d, k)$ $s=uvw-u^{2}-v^{2}-w^{2}+2$
$w^{2}+ \frac{c+d}{2}zw+k+s+z^{2}+cd-w$ $(k+2)(s+2)+($ $)^{2}(z^{2}-4)=0$ . (2.7)
$G_{12}(u, v, z, w, c, d, k)$
3 $g\geq 2$





$g$ ( $(g,m)$ $g+m$
)
$a_{k}=trA_{k}>0,$ $b_{k}=$ tr$B_{k}>0(k=1,2, \ldots,g)$ $E_{k}=[A_{k}, B_{k}]$ $ek=$ -tr$E_{k}>0$
$(k=1,2, \ldots,g)$ . $S_{1}=(A_{1}, B_{1}, \ldots, A_{g-2}, B_{g-2},E_{g-1}E_{g})$ tyPe $(g-2,1)$
$a_{k},$ $b_{k},$ $z_{k}=trA_{k}B_{k}$ , $(k=1, \ldots,g-2)$
$x_{k}=-$ tr$B_{k-1}A_{k-1}^{-1}B_{k-1}^{-1}A_{k}$ , $y_{k}=-trE_{1}\cdots E_{k-2}A_{k-1}A_{k}$ , (3. 1)
$w_{k}=-$tr$A_{k}E_{k+1}\cdots E_{9}C_{g+1}$ $(k=2, \ldots,g-2)$
$S_{1}$ $\mathcal{T}(0,4)$
$S_{2}=(E_{1}\cdots E_{g-3}A_{g-2}, B_{g-2}A_{g-2}^{-1}B_{g-2}^{-1}, A_{g-1}, B_{g-1}A_{g-1}^{-1}B_{g-1}^{-1}E_{g})$ ,
$d_{g-2}=trE_{1}\cdots E_{g-3}A_{g-2}$ , $a_{g-2}=trB_{g-2}A_{g-2}^{-1}B_{g-2}^{-1}$ , $a_{g-1}=trA_{g-1}$
$d_{g-1}=$ tr$B_{g-1}A_{g-1}^{-1}B_{g-1}^{-1}C_{g}$ , $x_{g}=-$tr$B_{g-2}A_{g-2}^{-1}B_{g-2}^{-1}A_{g-1}$ , (3.2)
$y_{g-1}=-trE_{1}\cdots E_{g-3}A_{g-2}A_{g-1}$ , $f_{g-2}=-tr(E_{1}\cdots E_{g-3}A_{g-2})(B_{g-2}A_{g-2}^{-1}B_{g-2}^{-1})$
$S_{2}$
$d_{g-1}=$ $tr$$E_{1}\cdots E_{g-2}A_{g-1}$ , $f_{g-2}=-$ $tr$$E_{1}\cdots E_{g-2}$ ,
$d_{g-2}$ $f_{g-2}$ (3.1) ( (D), (F)
$)$ . $d_{g-1}$
(D) $d_{g-1}$ 2 $(d9- 2,a_{g-2}, a_{g-1}, d_{g-1}, x_{g-1},y_{g-1}, f_{g-2})=0$
$\mathcal{T}(1,2)$ $S_{3}=(A_{g-1}, B_{g-1}, E_{g},E_{1}\cdots E_{g-2})$
$a_{g-1}$ , $b_{g-1}$ , $f_{g-1}=e_{9}=-trE_{1}\cdots E_{g-1}$ , $f_{g-2}$ (3.3)
$d_{g-1}$ , $w_{g-1}=$ $tr$ $A_{g-1}C_{9}$ , $z_{g-1}=trA_{g-1}B_{g-1}$
$S_{3}$ $f_{g-1}$
(F) $f_{g-1}$ 2 $F_{12}(a_{g-1},b_{g-1}, f_{g-1}, f_{g-2},d_{g-1},w_{g-1}, z_{g-1})=0$
$S_{1}$ $S_{2}$ ( ) type$(0,3)$
$SL(2, \mathbb{R})$ $S_{1}$ $S_{2}$ $S_{1}\cup S_{2}$
$S_{3}$
Proposition 3.1 $6g-9$ tmce functions $ak,$ $b_{k},$ $z_{k}(k=1,2, \ldots,g-1),$ $x_{k},$ $y_{k},$ $w_{k}(k=$
$2,$ $\ldots,g-2)$ $\mathcal{T}$(9–1, 1) $(A_{1}, B_{1}, \ldots, A_{g-1}, B_{g-1}, E_{g})$
$\mathcal{T}(1,2)$ $S_{4}=(A_{g}, B_{9}, E_{1}\cdots E_{g-2}, E_{g-1})$
$u_{g}=trE_{1}\cdots E_{g-2}A_{g}B_{g}A_{9}^{-1}$ , $v_{g}=trE_{1}\cdots E_{g-2}A_{g}B_{g}^{2}$ , $w_{9}=trE_{1}\cdots E_{g-2}A_{g}B_{9}$ ,




$S_{4}$ Proposition 31 trace ffinctions $(A_{1}, B_{1}, \ldots, A B)$
$u_{g},$ $V_{9},$ $w_{g},$ $z_{g}$ $6g-5$ $traceg$
ffinctions $[^{\vee}$. $G_{12}(u_{g},v_{9}, z_{g}, w_{\ovalbox{\tt\small REJECT}}, f_{g-2},e_{g-1}, f_{g-1})=0$
3 $\mathcal{T}(3,0)$ $(A_{1}, B_{1}, A_{2}, B_{2}, A_{3}, B_{3})$
$a_{1}=trA_{1}$ , $b_{1}=trB_{1}$ , $z_{1}=trA_{1}B_{1}$ ,
$a_{2}=trA_{2}$ , $b_{2}=trB_{2}$ , $z_{2}=$ tr$A_{2}B_{2}$ ,
$x_{2}=-$tr $B_{1}A_{1}^{-1}B_{1}^{-1}A_{2}$ , $y_{2}=-$tr $A_{1}A_{2}$ , $w_{2}=trA_{2}E_{3}$ , (3.4)




$e_{3}=-trE_{1}E_{2}=-trE_{3}$ , $d_{2}=$ tr$A_{2}E_{1}=trB_{2}A_{2}^{-1}B_{2}^{-1}E_{3}$ .
$F_{12}(a_{1}, b_{1}, a_{2}, d_{2}, x_{2}, y_{2}, z_{1})$ $F_{12}(a_{2}, b_{2}, e_{3}, e_{1}, d_{2}, w_{2}, z_{2})$
(3.4)
$G_{12}(u_{3},v_{3}, z_{3},w_{3}, e_{1}, e_{2},e_{3})=0$ .
4 2
4.1 $g=2$
$\mathcal{T}(2,0)$ $($ 2, $0)$ Fuchs $G$ $E=(A, B, C, D)([A, B][C,D]=1)$
sgn $(A, B, C, D)=(+, +, +, +)$ 7 trace functions $a=$ tr$A,$ $b=$ tr$B,z=$ tr$AB$ ,





$a,$ $b,$ $z,$ $u,$ $v,$ $w,$ $t$ 21
$c=x_{1}=trC$ and $d=x_{2}=trD,$ $x_{3}=trAC,$ $x_{4}=trAD,$ $x_{5}=trBC,$ $x_{6}=trBD,$ $x_{7}=trABC$ ,
$xs=trABD,$ $x_{9}=trBCD$ $x_{10}=trABCD$ $a,$ $b,$ $z,$ $u,$ $v,$ $w,$ $t$
(1) $[A, B]=[C, D]^{-1}$ (21)
$abz-a^{2}-b^{2}-z^{2}=cdt-c^{2}-d^{2}-t^{2}$ . (4.2)
$G$ tr $[A, B]=a^{2}+b^{2}+z^{2}-abz-2<-2([17,33D])$ . $K=\sqrt{abz-a^{2}-b^{2}-z^{2}}$
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(2) $BAB^{-1}=CDC^{-1}D^{-1}A$ (3)
$a=$ $tr$$(ACD)\cdot C^{-1}\cdot D^{-1}=-wt+cx_{3}-ud+wcd-a$.
$2a+wt-cx_{3}+ud-wcd=0$ (4.3)













$([17, 33 D])$ $(K^{2}+t^{2})u^{2}-(2a+tw)^{2}<0$ 2
$c=trC>2$
$c= \frac{(2a+tw)(ut-2v)+u\sqrt{}\overline{(2a+tw)^{2}(t^{2}-4)+4(K^{2}+t^{2})(S^{2}+t^{2})}}{2(S^{2}+t^{2})},$ $d= \frac{cv-2a-wt}{u}$ (4.7)














$b$ $=$ $(trB^{-1}CD)t+ctrB^{-1}C+dtrB^{-1}CD\cdot C^{-1}-(trB^{-1}CD)$ $cd$ - $b$
$=$ (bt-x$g$ ) $(t-cd)+c(bc-x_{5})+d(x_{6}+tx_{5}-cx_{g})-b$ .
(dt–c)$x_{5}+dx_{6}-tx_{g}=2b-bt^{2}+bcdt-bc^{2}$ .
(6) tr$A^{-1}CD=at+w$










$=$ $bd-$ $(trBtrD-$ tr$BD-trB$Ctr$CD+$ tr$CtrBCD)=x_{6}+tx_{5}-cx_{9}$
$trAB^{-1}A^{-1}D$ $=$ $bd-trDABA^{-1}$






$trCBAB^{-1}$ $=$ $trCtrA-$ tr$AC-$ tr$BCtrAB+$ tr$BtrCBA$
$=$ $ac-x_{3}-zx_{5}+b(trCtrBA+ trBtrCA+trAtrCB-trAtrBtrC-trABC)$
$=$ $ac-x_{3}-zx_{5}+bcz+b^{2}x_{3}+abx_{5}-ab^{2}$ $c$ - $bx$7
$trADCD^{-1}$ $=$ tr$AtrC-trAC-$ tr$ADtrDC+trDtrADC$
$=$ $ac-x_{3}-tx_{4}+d(trAtrCD+trDtrAC+trCtrAD- trAtrDtrC- trACD)$
$=$ $ac-x_{3}-tx_{4}+adt+d^{2}x_{3}+cdx_{4}-ad^{2}c+wd$
















$M=$ $(z-abdt_{0}c-adt$ $00d00c$ $-add^{2}0d0b$ $cd^{0}-t-aca0c$ $-a-t\overline{000}^{c}$ $\frac{0000}{a}d),\tilde{x}=(\begin{array}{l}x_{5}x_{6}x_{7}x_{8}x_{g}x_{10}\end{array})$
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$\vec{v}=(\begin{array}{l}2b-bt^{2}+bcdt-bc^{2}-abt-bw+cdzzx_{4}(b^{2}-d^{2})x_{3}+(t-cd)x_{4}+bcz-ab^{2}c-adt+acd^{2}-wd-abc+bx_{3}-dzt+cd^{2_{Z}}bcd-dzx_{3}-czx_{4}-zw\end{array})$ ,








$x_{1},\ldots,$ $x_{10}$ $a,b,$ $z,u,$ $v,$ $w,$ $t$
5
$G$ $(2,$ $-)$ Fuchs $E=(A, B, C, D)$ ( $G$ )
:
$\omega_{1}(E)=(AB^{-1}, B, C, D)$ , $\omega_{2}(E)=(B,BA, C, D)$ , $\omega_{3}(E)=(B^{-1}CA, B, C, B^{-1}CD)$




2 $\mathcal{M}C_{2}$ $\omega j*\in \mathcal{M}C_{2}$ $\omega j$
$\omega_{*}$ , ..., $\omega s*$ ([1, Theorem 4.8]):




(hyperellptic involution)J $\mathcal{T}(2,0)$ $\omega_{1*}$ ,
..., $\omega_{5*}$ $\mathcal{M}C_{2}’=\Lambda tC_{2}/(J\rangle$ $(ABCD_{j})=\omega(A, B, C, D)$
$aj=trA_{j}$ , $b_{j}=trB_{j}$ , $Zj=$ tr$A_{j}B_{j}$ , $uj=-trA_{j}C_{j}D_{J}C_{j}^{-1}$ ,
$vj=-trA_{j}C_{j}D_{j}^{2}$ , $wj=-trA_{j}C_{j}D_{j}$ , $t_{j}=$ tr$C_{j}D_{j}$
$a,$ $b,$ $z,u,v,w,t$ $\mathcal{M}C_{2}’$ $\mathbb{R}^{7}$
(Case of $\omega_{1*}$ ) $trAB^{-1}=$ tr$AtrB-trAB=ab-z$,








$\omega_{1*}(a, b, z, u,v, w,t)=(ab-z,b, a,u_{1},v_{1},w_{1},t)$.
(Case of $\omega_{2*}$ ) trABA $=$ trABtrA–trB $=za-b$
$\omega_{2*}(a, b, z, u,v,w, t)=(a, z, az- b, u,v,w, t)$ .
(Caae of $\omega_{3*}$ ) $\omega_{3*}$ :
$a_{3}=trB^{-1}CA=$ tr$BtrAC-$ tr$ABC=bx_{3}-x_{7}$ .







$=$ $-trACB^{-1}$Ctr$B^{-1}CDC^{-1}-$ tr$ACDC^{-1}+$ tr$ACtrDC^{-1}$
$=$ $-(trACtrB^{-1}C-trAB)(trBtrD-trBCDC^{-1})+u+x_{3}$( $cd$ - $t$ )
$=$ $-(x_{3}(bc-x_{5})-z)[bc-(bd-x_{6}-tx_{5}+cx_{9})]+u+x_{3}$ ($cd$ - $t$ )
$=$ $(x_{3}x_{5}+z-bcx_{3})(x_{6}+tx_{5}-cx_{9})+u+x_{3}$ ( $cd$ - $t$ ).
$v_{3}$ $=$ $-trB^{-1}CAC(B^{-1}CD)^{2}=-trB^{-1}CD$tr$B^{-1}CACB^{-1}CD+trB^{-1}CAC$
$=$ $(bt-x_{9})[(x_{3}x_{5}+z-bcx_{3})(bt-xg)+w+dx_{3}]+(bc-x_{5})x_{3}-z$ .
$t_{3}=$ tr$CB^{-1}CD=$ tr$CB^{-1}trCD-$ tr$BD=(bc-x_{5})t-x_{6}$ .
$a_{3},$ $x_{3},$ $v_{3}$ $t_{3}$ ;
$\omega_{3*}(a, b, z, u, v, w, t)=(-a_{3},b, -x_{3},u_{3}, -v_{3},w_{3}, -t_{3})$ .
(Case of $\omega_{4*}$ ) :
$\omega_{4*}(a, b, z, u, v, w, t)=(a, b, z, u, w, -x_{3}, c)$ .
(Case of $\omega_{5*}$ ) $-trACDC=-trCtrACD+$ tr$ACDC^{-1}=cw-u$ ,
$v_{5}$ $=$ $-trAC(DC)^{2}=-trCDtrACDC+trAC$
$=$ $-t(trCtrACD-trACDC^{-1})+x_{3}$
$=$ $\alpha i_{J}t-tu+x_{3}$ ,
tr$CDC=ct-d C$
$\omega_{5*}(a, b, z, u, v, w, t)=(a, b, z, w,cwt-tu+x_{3}, cw- u, ct- d)$.
Theorem 5.1 $\omega_{1*},$ $\omega_{2*},$ $\omega_{3*},$ $\omega_{4*},$ $\omega_{5*}$ $a,$ $b,$ $z,u,$ $v,$ $w,$ $t$ :
$\omega_{1*}(a, b, z, u,v, w,t)=(ab-z, b, a,u_{1},v_{1}, w_{1}, t)$
$\omega_{2*}(a, b, z, u, v, w, t)=(a, z, az- b, u, v, w, t)$
$\omega_{3*}(a, b, z, u, v, w, t)=(-bx_{3}+x_{7}, b, -x_{3}, u_{3}, -v_{3}, w_{3}, -bct+x_{5}t+x_{6})$ (5.2)
$\omega_{4*}(a, b, z, u, v,w,t)=(a, b, z, u, w, -x_{3}, c)$
$\omega_{5*}(a, b, z, u, v,w, t)=(a, b, z, w, \alpha vt-tu+x_{3}, cw- u, ct- d)$ ,
$c,$ $d,$ $x_{3},$ $x_{4},$ $x_{5},$ $x\circ$ $x_{7}$ (4.8),(4.9) (410)
$x_{1}=c,\ldots,$ $x_{10}$ $(a, b, z, u, v, w, t)$ $\omega jn(j=1, , \ldots, 5)$
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